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(54) FIELD EFFECT ELEMENT 

(57)Abstract: 

PURPOSE: To provide a field effect element which can be driven with a low voltage 
and a large on-current and a large on/off ratio and allows a flexible semiconductor thin 
film to be formed in a low-temperature process, and can be adapted to large area and 
large-scale integration. 

CONSTITUTION: This field effect element is provided with a source electrode 14 and 



a drain electrode 1 5 formed on a substrate 1 1 , a semiconductor layer including a fluorine V^JW 

thin film 16 formed between line source electrode 14 and the drain electrode 15 and an p I 1 

insulating film 13 and a gate electrode 12 which are formed in order adjacent to the 
channel region including the fluorine thin film 16. 
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* NOTICES * 

Japan Patent Office is not responsible for any 

damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the electric field effect type element which used the fullerene thin film as a 

semiconductor layer. 

[0002] 

[Description of the Prior Art] For example, as an electric field effect type element (FET) which constitutes the TFT (TFT) of a 
liquid crystal display element, a source electrode and a drain electrode are formed into inorganic semiconductor layers, such as an 
amorphous silicon prepared on the glass substrate, and MOS(metal-oxidesemiconductor) FET which prepared a metal oxide film 
and gate electrodes, such as Si02, on this semiconductor layer is used abundantly, moreover -- as an insulator layer - Si 3N4 
other than a metallic oxide etc. — used MIS (metal-insulator semiconductor) FET is also known Furthermore, what used pi 
conjugated-system macromolecule thin films, such as the poly thiophene and polypyrrole, as a semiconductor layer is examined 
by recently. 

[0003] When the current when not impressing voltage to the ON state current and a gate electrode for the current when 
impressing voltage to a gate electrode is made into the OFF state current, it is required for such an electric field effect type 
element that the ON state current should be large and the ratio (on-ofif ratio) of the ON state current and the OFF state current 
should be large. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the electric field effect type element using inorganic semiconductor thin 
films, such as an amorphous silicon, since it is necessary to make substrate temperature into 200 degrees C or more at the time of 
thin film formation, a heat-resistant scarce substrate material like plastics cannot be used. Moreover, there is a trouble that it is 
deficient in reliability that it is easy to generate a crack by the expansion and contraction and the shock by heat etc. Furthermore, 
although it is required that an element should be accumulated on a large scale on the substrate of a large area in recent years, it is 
very difficult to form a uniform inorganic semiconductor thin film by the large area. 

[0005] On the other hand, when organic-semiconductor thin films, such as pi conjugated-system macromolecule, are used, since a 
thin film can be easily formed in a low-temperature process, it can respond to large- area-izing and large-scale integration, and has 
an advantage, like moreover flexibility is in a thin film. In order to enlarge the ON state current in the electric field effect type 
element which has such an organic-semiconductor thin film, it is required to make [ many ] the number of the carriers which make 
carrier mobility of a channel field high, or are accumulated to a channel field. However, if carrier mobility of a channel field is 
made high, the OFF state current will also become large and an on-ofif ratio will not improve. Moreover, in order to make the 
number of storaged carriers of a channel field increase, without making the voltage impressed to a gate electrode increase, it is 
necessary to make the number of carriers in pi conjugated-system macromolecule increase, and there is a problem that the OFF 
state current becomes large also in this case. 

[0006] The purpose of this invention solves such a problem, and drives it by the low battery, and the ON state current and its 
on-ofif ratio are large, and it is to offer the electric field effect type element which can form the semiconductor thin film which was 
rich in flexibility in the low-temperature process, and can respond to large-area-izing and large-scale integration. 
[0007] 

[Means for Solving the Problem and its Function] The source electrode and drain electrode which were formed by separating 
mutually the electric field effect type element of this invention on a substrate, The semiconductor layer which consists of a 
J^e^ene^thirfliffwhich constitutes the channel field between this source electrode and a drain electrode, It is characterized by 
using for a semiconductor layer the fullerene thin film which comes to provide the insulator layer and gate electrode which 
adjoined the channel field of the semiconductor layer which consists of this fullerene thin film, and were formed one by one, 
excites by irradiation of light, and may generate a charge carrier (carrier). 

[0008] Hereafter, this invention is further explained to a detail with reference to a drawing. Drawing 1 is the cross section 
showing an example of the electric field effect type element of this invention. In drawing 1 , the gate electrode 1 2 is formed on a 
substrate 1 1 , and the insulator layer 1 3 is formed so that the whole surface of the gate electrode 1 2 may be worn. Furthermore, the 
source electrode 14 and the drain electrode 15 are formed on an insulator layer 13, and the fullerene thin film 14 is formed on 
these. In addition, although the case where the semiconductor layer which consists of a fullerene thin film was formed on a gate 
electrode and an insulator layer was shown, you may form an insulator layer and a gate electrode one by one here on the 
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semiconductor layer which consists of a fullerene thin film in this invention. 

[0009] In this invention, although what material is sufficient as long as substrate material is an insulating material, glass or 
especially a transparent material like plastics is desirable, semiconductors, such as Si which performed a metal, a conductive 

_oxide,_andjow_resistance-ized.pmcessing.as-a-material.of-a.source-electo 

metal dope fullerene [ **** ] etc. is used 

[0010] In this invention, the thin film of fullerene (C60, C70, C76, C78, C82, C84, etc.) is used as a semiconductor layer which 
constitutes the channel field between a source electrode and a drain electrode, moreover -- comparatively — high — you may use 
metal dope [ **** ] fullerene (the number [ Desirably ] of a dopant below 1019-piece [/cm ] 3), or metal lofullerene Furthermore, 
you may use into a resin the thin film which distributed fullerene. As for the thickness of the fullerene thin film used as a 
semiconductor layer, it is desirable that it is 0.01-10 micrometers. 

[001 1] In this invention, the insulator layer (gate insulator layer) adjoined and formed in the channel field of the semiconductor 
layer which consists of a fullerene thin film will not be limited, especially if conductivity is the material below 10-12 S/cm. For 
example, oxides, such as a silicon oxide and an alumina, may be used and what oxidized the fullerene thin film used as a 
semiconductor layer may be used. As for the thickness of an insulator layer, it is desirable that it is lnm - 1 OOnm. Although the 
same material as the material of the source and a drain electrode is sufficient as the material of a gate electrode, since the element 
of this invention may irradiate light at the time of a drive, its transparent conductivity thin films, such as ITO, are especially 
desirable. 

[001 2] Hereafter, the principle of operation of the electric field effect type element of this invention is explained. In the electric 
field effect type element of this invention, if voltage is impressed to gate electrode-source inter-electrode, a carrier (an electron or 
hole) will generate in a fullerene thin film. At this time, if light is irradiated at a fullerene thin film, fullerene will be in an 
excitation state and many carriers will also generate a low gate voltage. 

[0013] About the electric field effect type element shown in drawing 1 here, when a gate voltage which brings the electron in a 
fullerene thin film close to a gate electrode is impressed, the electron accumulated to source electrode-drain inter-electrode flows 
a channel field, and current value becomes large. In this case, the current which flows a channel field increases with the increase 
in the potential (Vd) of the drain electrode to a source electrode, and the current value reaches a saturation value. Moreover, this 
saturation current value increases with the increase in the potential (gate voltage Vg) of the gate electrode to a source electrode. 
Moreover, when a hole generates in a fullerene thin film similarly, the hole accumulated to source electrode-drain inter-electrode 
flows a channel field by impressing a gate voltage which brings the hole close to a gate electrode. And if light is irradiated at a 
fullerene thin film as mentioned above, since many carriers will be accumulated source electrode-drain inter-electrode, current 
value (ON state current) which flows a channel field by the low Vd can be enlarged. On the other hand, in not irradiating light at a 
fullerene thin film, since many carriers are not generated, it can make very small current value (OFF state current) which flows a 
channel field. 

[00 1 4] As mentioned above, with the electric field effect type element of this invention, the ON state current can be enlarged by 
irradiating light, and since the OFF state current can be made very small by suspending irradiation of light, a big on-off ratio can 
be attained. However, as long as the electric field effect type element of this invention has an unnecessary big on-off ratio, you 
may make it drive only by control of a gate voltage especially. Moreover, it is in the state which always made constant value the 
state or gate voltage which impressed the gate voltage, and it is also possible to drive by controlling only by change of the number 
of carriers accompanying irradiation of light the current which flows a channel field. 

[0015] Generally the electric field effect type element of this invention can be manufactured as follows. First, a gate electrode is 
prepared on a substrate. In this case, after carrying out vacuum deposition of the conductive material, patterning can be carried 
out by photo lithography, or methods, such as carrying out the spatter of the conductive material through a mask, can be used. 
Next, an insulator layer is formed by the spatter, the vacuum deposition method, etc., and a source electrode and a drain electrode 
are further prepared by the spatter etc. through a mask on this insulator layer. The semiconductor layer which consists of a 
fullerene thin film so that the whole surface of this insulator layer and the source, and a drain electrode may finally be worn is 
formed. A fullerene thin film can be formed by the vacuum deposition, the molecule beam epitaxy (MBE) method, the spatter, or 
the cast method. The fullerene thin film used in this invention at this time can be easily formed in a low-temperature process, and 
can respond to large-area-izing and large-scale integration. And the formed fullerene thin film is rich in flexibility, and stability is 
also excellent. 

[0016] Moreover, after the electric field effect type element of this invention forms the fullerene thin film mainly used as a 
semiconductor layer on a substrate, dopes a metal alternatively to the part through a mask and forms a source electrode and a 
drain electrode, it can be manufactured also by the method of oxidizing the front face of a fullerene thin film, forming an insulator 
layer, and forming a gate electrode on this insulator layer further. Thus, an element can be manufactured very easily by processing 
of a fullerene thin film using a semiconductor-device manufacturing process and the same process. The electric field effect type 
element of this invention can be used for uses, such as TFT (TFT) of a liquid crystal display element, and an optical responsibility 
electric field effect type element. 
[0017] 

[Example] Hereafter, the example of this invention is shown. 

In example 1 this example, the electric field effect type element shown in drawing 1 was produced as follows first. The metal 
mask was prepared on the glass substrate as a substrate 1 1 , and the ITO electrode which turns into the gate electrode 1 2 by the 
vacuum deposition method was formed. Next, the spatter of the alumina (aluminum 203) was carried out, and the about lOnm 
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insulator layer 1 3 was formed so that this ITO electrode might be covered. Subsequently, the metal mask was prepared on the 
insulator layer 13, and the golden electrode which turns into the source electrode 1 4 and the drain electrode 1 5 by the vacuum 
deposition method was formed. Here, these intervals were set to 10 micrometers. Furthermore, on these, vacuum deposition of the 
_Merene_C60_wasxamed-out,-me^ 
type element of this example was obtained. 

[0018] The relation between the potential Vd of the drain electrode to the source electrode of this electric field effect type element 
and the current Id which flows to a drain electrode increased by making the potential Vg of the gate electrode to a source 
electrode increase, and reached the saturation value. Furthermore, more higher Id at a low Vg was observable by irradiating light 
from the ITO electrode side which is a transparent conductivity oxide film. That is, the good electric field effect type element with 
a very large on-off ratio was obtained greatly [ the ON state current ] by carrying out optical irradiation. 

[00 1 9] The manufacturing process of the electric field effect type element in this example is shown in example 2 drawing 2 . On 
the glass substrate 21 , vacuum deposition of the fullerene C60 was carried out, and the fiillerene thin film 22 of 0.2 micrometers 
of thickness was formed ( drawing 2 (a)). The metal mask 23 was formed on this fullerene thin film 22, the potassium was doped 
to a part for an outcrop, conductivity was given, and the K3 C60 layer with a thickness of about 50nm it is thin to the source 
electrode 24 and the drain electrode 25 was formed ( drawing 2 (b)). Furthermore, the fullerene oxide film with a thickness of 
lOnm was formed as an insulator layer 26 by carrying out plasma oxidation of the front face of the fullerene thin film 22 ( drawing 
2 (c)). Then, on the insulator layer 26, vacuum deposition of the ITO was carried out, the gate electrode 27 with a thickness of 0.2 
micrometers was formed ( drawing 2 (d)), and the electric field effect type element of this example was obtained. With the electric 
field effect type element of this example as well as an example 1, the good property that the ON state current is large and that an 
on-off ratio is very large was acquired. 
[0020] 

[Effect of the Invention] According to this invention, as explained in full detail above, it drives by the low battery, and the ON 
state current and an on-off ratio are large, and the electric field effect type element which can form the semiconductor thin film 
which was rich in flexibility in the low-temperature process, and can respond to large-area-izing and large-scale integration can 
be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross section of an example of the electric field effect type element of this invention. 

[Drawing 2] The cross section showing the manufacturing process of the electric field effect type element in the example 2 of this 
invention. 

[Description of Notations] 

1 1 [ -- 14 An insulator layer, 15 / - The source, a drain electrode 16 / -- A fiiHerene thin film, 21 / -- A glass substrate, 22 / ~ A 
fullerene thin film, 23 / -- 24 A mask, 25 / -- The source, a drain electrode 26 / -- An insulator layer, 27 / -- Gate electrode. ] — A 
substrate, 1 2 - A gate electrode, 1 3 



[Translation done.] 



1 of 1 



5/18/03 10:43 PM 



http://www4Jpdljpo.go.jp/cgi*bin/tran_...2522%2520BGCOLOR%3D%2522li9htyellow%2522 



* NOTICES * 

Japan Patent Office is not responsible for any 

damages, caused by the us e of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3, In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electric field effect type element characterized by providing the insulator layer and gate electrode which adjoined 
the channel field of the semiconductor layer which consists of a fullerene thin film which constitutes the channel field between the 
source electrode and drain electrode which were formed by dissociating mutually on the substrate, and this source electrode and a 
drain electrode, and the semiconductor layer which consists of this fullerene thin film, and were formed one by one. 
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